In the last two decades there has been enormous effort dedicated to better understanding how to restore and manage temperate native woodland vegetation in Australia's eastern wheat-sheep belt, and the consequences for fauna.
Introduction
Billions of dollars have been spent on restoring temperate eucalypt woodlands in the sheep-wheat belt of south-eastern Australia (Hajkowicz 2009 ). The research and monitoring into the response of biodiversity to such restoration efforts commenced in the late 1990s and continues today (Lindenmayer et al. 2016d ). Our work is based in the Fenner School of Environment and Society at The Australian National University, and has entailed monitoring temporal patterns of response to revegetation in birds, mammals, reptiles, amphibians and plants ( Fig. 1 ) across large areas of inland Victoria and New South Wales, extending into south-east Queensland (Fig. 2) . This paper provides a brief overview of ten of the most important lessons for restoration efforts learned from the past two decades of work. The majority of lessons are drawn from our research on birds, although some similar outcomes have been found from work on other taxa such as arboreal marsupials and reptiles (Lindenmayer et al. 2016d) . Many studies of biodiversity in agricultural landscapes have focussed on the importance of remnant vegetation (Ford et al. 2001; Nimmo et al. 2016) or on the importance of replanted woodland (Barrett et al. 2008; Martin et al. 2004; Selwood et al. 2008 ).
However, the combined value of both has rarely been examined. One of the earliest projects in our long-term research was to tackle this knowledge gap by quantifying the combined effects of different vegetation assets on bird biota (Cunningham et al. 2008) . This work showed there are important positive cumulative effects of patches of remnant native vegetation, tree plantings, scattered paddock trees, fallen timber and native pastures on bird biodiversity. Many of these vegetation assets occupy a relatively small part of the overall area of a farm, yet can have significant positive benefits for many elements of the biota, including a range of bird species of conservation concern such as the Diamond Firetail (Stagonopleura guttata), Flame Robin (Petroica phoenicea) and Rufous Whistler (Pachycephala rufiventris) (Cunningham et al. 2008 ; see also Barrett et al. 2008 ). An important implication of this research is that approaches to whole farm planning need to account not just for larger and more consolidated areas of native vegetation cover (such as woodland remnants and planted areas) but also recognise the conservation value of smaller scale vegetation assets such as paddock trees and native pastures (Cunningham et al. 2008; Gibbons & Boak 2002; Lindenmayer et al. 2011; Manning et al. 2006; Martin & McIntyre 2006) .
Lesson #2 -Plantings, regrowth woodland and old-growth woodland are different habitats
Agricultural landscapes comprise different kinds of vegetation. One way to categorise treed forms of vegetation cover is to classify areas into broad structural types -old-growth woodland, regrowth woodland and replanted woodland (tree plantings) (Lindenmayer et al. 2012a) . Regrowth woodland may have regenerated after fire, or following reduction in grazing pressure. This can occur through coppicing of stems or germination of seed stored in 5 the soil or recently released from remaining paddock trees. One of our long-term studies contrasted the value of old-growth woodland, regrowth woodland and replanted woodland as habitat for native birds. That work clearly showed that the different structural forms of vegetation acted as distinctly different habitats for different species and entire assemblages of birds (Lindenmayer et al. 2012a) . Notably, many bird species of conservation concern were strongly associated with regrowth woodland (e.g. Black-chinned Honeyeater Melithreptus gularis and Hooded Robin Melanodryas cucullata) or tree plantings (see above) but occurred relatively rarely in old-growth woodland. This result is in marked contrast with many studies of tall forest environments both in Australia and overseas where old-growth forest is the key habitat for a range of forest-dependent species (Lindenmayer et al. 2016a; Mackey et al. 2015) . The findings of this study indicate that both tree plantings and regrowth woodland contribute significantly to the suite of bird species that may occur on a farm. Conversely, clearing of both kinds of vegetation will have detrimental effects on farm biodiversity and should be avoided where possible. If the aim is to establish plantings that are suitable habitat for native woodland birds, then there are some broad features that will enhance their value for this group of organisms. A series of long-term studies have shown that more bird species are likely to occur in plantings that are: (1) large, (2) located near other plantings or close to patches of remnant vegetation, (3) wide, (4) located in gullies (Lindenmayer et al. 2010b) , and (5) intersected with other 6 plantings (Lindenmayer et al. 2007 ). In addition, attributes like the amount of understorey vegetation, the number of logs, and the presence of mistletoe had significant effects on particular species (Lindenmayer et al. 2010b ; see also Watson 2001) . Most notably, the presence of the hyper-aggressive native honeyeater, the Noisy Miner (Manorina melanocephala) was significantly less likely to occur in plantings that supported an understorey of Acacia species and native shrubs (Lindenmayer et al. 2010b) . These findings suggest that land owners can plan the size, shape, location and content of their plantings so that they have enhanced value for particular groups such as birds (Barrett et al. 2008; Lindenmayer et al. 2016d; Martin et al. 2004 ).
Lesson #4 -There are long-term changes in the biodiversity values of plantings
The vast majority of studies of replanted woodland are cross-sectional or snapshot studies that compare restored areas of different ages at a single point in time. However, these studies fail to quantify how the biota inhabiting plantings changes over time. Some of our recent work has attempted to redress the paucity of longitudinal studies by documenting changes in the bird biota of plantings between 2002 and 2013 (Lindenmayer et al. 2016c ).
This work indicated that the number of bird species remained largely unchanged over time in spring, but there were small changes in winter. These changes masked the significant temporal changes in the composition of the bird assemblage, indicating that the loss of some species inhabiting planted woodlands was offset by the colonisation of others. Changes in species identity appeared to be relatively predictable based on species traits, particularly diet, foraging and nesting patterns, movement behaviour (e.g. migratory vs dispersive), and body size. For example, migratory species were more likely to increase in occurrence in older plantings (Lindenmayer et al. 2016c) . The results of this study indicate that plantings of different ages support different suites of birds. Therefore, if a general management objective 7 is to maximise the number of species of birds that occur on a farm, then part of farm planning should ensure that new areas of restored vegetation continue to be established over time. 
Lesson # 5 -Management interventions can (and do) work
Resource managers have a range of management options available to them to improve vegetation condition, biodiversity conservation and other environmental outcomes. These include (among others) fencing to control the timing and intensity of livestock grazing, active replanting of vegetation cover, and weed removal. A critical question is: do these management interventions work? It is important to know whether interventions are effective.
We sought to answer this question in a study of a farm incentive scheme in the western Riverina bioregion of southern NSW (Lindenmayer et al. 2012b) . The incentive scheme entailed paying farmers to conduct management actions in a range of woodland vegetation communities. The work contrasted reference sites in conventional agricultural production areas, with the incentive-based interventions noted above to transition to conservation-linked activities. The results showed there was a significant improvement in vegetation condition and cover. In addition, there also was a change in the bird assemblage toward smaller-bodied, insectivorous woodland bird species, including some of conservation concern (Lindenmayer et al. 2012b ). This study provided evidence that management interventions can and do have a positive influence on vegetation cover and on some elements of the animal biota (Lindenmayer et al. 2012b; Maron & Lill 2006 ).
Lesson # 6 -The Travelling Stock Reserve system is crucial
Agricultural landscapes support native vegetation under a range of land tenures.
Travelling Stock Reserves are places through which livestock were formerly moved to 8 market and they have been subject to less intense grazing and clearing practices relative to elsewhere in agricultural landscapes (O'Loughlin et al. 2017) . Several studies have shown that the native vegetation in Travelling Stock Reserves is extremely important for biodiversity (reviewed by Lentini et al. 2011) . The vegetation in such places tends to be in better condition than elsewhere in agricultural landscapes (Lindenmayer et al. 2012b; O'Loughlin et al. 2017) . Travelling Stock Reserves are also more likely to support populations of birds and arboreal marsupials (including species of conservation concern) than areas under other forms of land tenure (Lindenmayer et al. 2010a; Lindenmayer et al. 2012b) . Lesson # 7 -Nest boxes can be useful but they can make very poor offsets Large old trees are critically important keystone structures in many ecosystems worldwide, including the agricultural ecosystems of south-eastern Australia (Crane et al. 2016; Manning et al. 2006; Lindenmayer & Laurance 2016) . They play a wide range of ecological roles including acting as stepping stones to facilitate the movement of animals (Fischer & Lindenmayer 2002) ; storing large amounts of carbon and promoting nutrient 9 cycling, and providing nesting habitat for cavity-dependent species (Lindenmayer & Laurance 2016; Manning et al. 2006) . Populations of large old trees are in serious decline in many grazing and cropping landscapes (Fischer et al. 2009 ). Nest boxes are occasionally installed in an effort to mitigate the loss of nesting values when large old trees are cleared or lost through other processes such as fire or overgrazing. We have completed several studies to quantify the effectiveness of nest boxes as a source of cavities for hollow-dependent animals in temperate woodlands with mixed results. They have been found to be effective by some authors (Goldingay et al. 2015; Johnstone et al. 2015) . However, our work suggests they are used principally by already common species (including some exotic pest species) and generally not taxa of conservation concern (Lindenmayer et al. 2016b) . . Moreover, almost 10% of the nest boxes were non-functional within the 4 years since establishment. Our collective studies suggest there is a need for careful attention to the design of nest boxes so that they are more likely to remain functional for longer and meet the requirements of particular target taxa, including those that are threatened and which can have specialised nesting requirements. Nevertheless, low levels of occupancy by key species of conservation concern, coupled with high rates of attrition (and hence the need for frequent replenishment) indicate that nest boxes are a poor substitute for large old trees in grazing and cropping landscapes. Better protection of existing large old trees is critical as they are long-lived and 10 difficult to replace. The maintenance of these keystone structures is essential to enhance the protection of biodiversity in agricultural landscapes.
Lesson #8 -Don't give up!
The concept of triage landscapes has been discussed by some ecologists. This approach would advise that limited management resources be directed towards places where there would be greater conservation gains rather than landscapes which are so heavily cleared and degraded that there is questionable environmental benefit in working in them (Hobbs et al. 2003) . The concept of triage landscapes is linked with the concept of thresholds in the amount of vegetation cover below which major losses of biodiversity are likely to occur (e.g. Radford et al. 2005) . Some researchers have suggested that, in general, levels of 30% vegetation cover on a farm are required to maintain key groups of biodiversity (McIntyre et al. 2002) such as birds. Managers in the Murray Local Land Services wanted to know if empirical evidence supported the 30% threshold. We found no evidence for a threshold relationship for birds (Cunningham et al. 2014a, b) . Rather, relationships between measures like the amount of native vegetation cover and bird species richness (as well as the richness of species of conservation concern) showed a distinct 'diminishing returns' shaped curve with no non-linear breakpoint (Fig. 6 ). In addition, the fastest rate of gain in species richness occurred at comparatively low levels of vegetation cover (Cunningham et al. 2014a, b) .
These results have three important implications. First, efforts to increase native vegetation cover need not be excluded from landscapes with pre-existing low levels of native vegetation cover. That is, there are no landscapes from the perspective of bird populations that are so heavily cleared or degraded that no conservation gains can be made. Second, relationships between bird species richness and the occurrence of individual species were apparent at all spatial scales (at site, farm and landscape levels), indicating that actions at one scale can promote positive responses in bird species richness at other spatial scales (Cunningham et al. 11 2014a, b). Thus, restoration efforts at particular sites can help promote bird species richness at farm and landscape levels and vice versa. This highlights the multi-scaled benefits of restoration activities. Finally, continuing to add to the amount of vegetation cover over time can underpin the concept of continuous improvement in outcomes for biodiversity in site, farm and landscape-level restoration efforts. Figure 6 . Relationships between vegetation cover and overall bird species richness. The bold line shows the mean value with associated 95% confidence intervals (outer lines) around the mean (modified from Cunningham et al. 2014a, b) .
Lesson # 9 -Monitoring is crucial
Almost none of the insights outlined in this short paper would have been identified without long-term ecological research and monitoring. Monitoring is necessary. Yet it is striking how infrequently it is done and how even less frequently it is done well, including in agricultural landscapes. The sad reality is that monitoring is often regarded as a 'Cinderella' science (Nisbet 2007) ; it is usually the last activity funded, the first activity cut, and is widely regarded by many politicians and policy makers as being a superfluous academic pursuit of limited practical value (Lindenmayer & Likens 2010 ). Yet, these same politicians and policy makers are quick to bemoan the lack of evidence to support the effectiveness of large-scale initiatives. Indeed, assessments by the Australian National Audit Office and other independent reviews have repeatedly found that major programs associated with river restoration, landscape restoration, action to tackle secondary salinity, and agri-environment schemes have almost all (with very few exceptions) been characterised by a lack of rigorous monitoring to assess their effectiveness (ANAO 2008; Lindenmayer et al. 2015) . 
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Lesson #10 -Partnerships matter
Strong and enduring partnerships among researchers, managers and policy makers lie at the heart of successful and productive long-term ecological monitoring and its intersection with effective long-term resource management. Considerable effort is needed to nurture and maintain these partnerships, in part because the different members of such partnerships have different reward systems for success as well as different management and other organisational structures (Gibbons et al. 2008) . A key part of these partnerships has been a need to ensure that the scientists involved do not develop a superiority complex and think that they 'know best'. Rather, it is essential to discuss restoration and biodiversity management issues on an equal footing with all parties remaining open to new ideas and ways of implementing on-ground actions. Indeed, the work on vegetation cover thresholds and biotic responses was triggered by resource managers posing key new questions to guide vegetation management policies, with researchers then recognising that they had suitable data available to answer those questions (see Lesson #8; Cunningham et al. 2014a, b) . Maintaining viable long-term partnerships is an increasingly difficult challenge in an era of budget cuts and high rates of staff turnover in government agencies, with an overarching shift towards 'evidencefree' policy directives from our so-called political leaders (Lindenmayer 2013; Russell-Smith et al. 2015) .
General Conclusions
We have completed almost 20 years of long-term research and monitoring to help better determine what management interventions can enhance the conservation of biodiversity on farms and, in turn, better integrate conservation and production in agricultural landscapes. Only some of the lessons we have learned have been published, and there are many others that remain undiscussed here. For example, the role of communication and 14 outreach is crucial for the adoption of new approaches to restoration and farm management, particularly because, as much as academics and other scientists would like to think otherwise, almost no-one reads scientific papers. We have invested large amounts of time in finding new ways to more effectively communicate with a broad range of constituents to promote conservation actions on farms.
Despite the major body of work developed to date, much remains to be done. This is not a call for a lengthy list of questions that are scientifically exciting but of dubious management relevance. Rather, some crucial areas of work need to be addressed and many of these are distinctly multi-disciplinary. First is the need for a better understanding of the effects of climate change on the effectiveness of vegetation restoration on biodiversity.
Preliminary analyses have indicated that plantings have particular value for bird biodiversity during extreme conditions associated with droughts (particularly increased temperature and depressed rainfall), in this case, the Millennium Drought that characterised much of the 2000s. Second is the need for more work on the inter-relationships between restoration efforts, enhanced farm management practices and improved farm productivity and profitability. We have anecdotal evidence that enhanced restoration and farm management practices lead to more productive farms that are better placed financially (cf. Bird et al. 2002; Walpole 1999) . Similarly, we also have some evidence (albeit tentative at this stage) that farmers on sustainably managed farms are in a better state of mental health. We therefore suggest that work at the intersection of environmental sustainability, financial security and mental well-being as an important future challenge in efforts to help better integrate conservation and agricultural production in Australian farming landscapes.
